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SUMMARY 



The determination of flight Mach number from neasure— 
ments of indicated airspeed and pressure altitjide is shovrn 
to "be relatively simple and leads to direct and accurate 
computation of true airspeed. A simplified chart is pre- 
sented for determining flight Mach number and true airspeed 
for a range of values of indicated air'speed, pressure 
altitude, and air temperature. A table of standard atmos- 
pheric values is included. 



IITTROLUCTICH 



The pitot— static type of airspeed indicator in cur- 
rent use does not measure airspeed directly, but measures 
a pressure difference betv;een a total- and a static- 
pressure tube. The instrument calibration expresses this 
differential pressure in terms of airspeed for sea— level 
standard conditions. In order to determine true airspeed 
for conditions other than sea-level standa,rd, corrections 
must be applied to the indicat od— air speed readings. 
Installation and instrument errors are assumed to be 
included in the air sp e ed— ind i cat or calibration. 

In order to determine true airspeed for low— speed 
flight conditions at altitude, the usual density-ratio 
correction for incompressible flow is sufficient; for 
high— speed flight at altitude, however, the incompressible- 
flow relations do not apply and an added factor must be 
considered. At high speeds, the ratio of the differential 
pressure between a total— and a static-pressure tube to 
the dynamic pressure is greater than unity and is a func- 
tion of the flight Mach number. Because the speed of 
sound varies with altitude, the flight Mach number for a 
given true airspeed will correspondingly vary and a 
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correction will be reauired. lleglect of this correction 
will produce errors in the determination of true airspeed 
of the order of 5 percent for hi^h-speed flight at alti- 
tude • 

The determination of the compr ess ihil ity correction . 
is difficult and its physical significance is ohscure. 
An analysis "by simple c ompr es s ihl e-f 1 cv/ relations, as 
pointed out in reference 1, provide-s a more direct compu- 
tation of true airspeed through the evaluation of flight 
Mach numhcr. A simple chart has heen developed for the 
direct determination of flight Mach nunter and true air- 
speed for standard atmosphei ic conditions. Provisions 
for ohtainin.^ true airspeed for conditions other than 
standard ha.ve heen included in the chart. 



EQUATIONS FOH DSTEHM lillrIG FLIOHT MACH ^TUMBER 
Ajsi) TRUE AIRSPEED 



By simple compr e s s ihl e-fl ow relations, the pressure 
difference hetweeh a total- and a static-pressure tuhe 
can he shown to he a function of only two variables , flight 
Mach numoer and static pressure; that is, 

y 

K - p = pj^^l + 11" J - Ij (1) 

where 

H total pressure, pounds per square foot 
p static pressY.re, poiinds per square foot 
K flight Ilach numoer 

y ratio of s;oecific heats (for air, 1.40) 

Tor values of E - p and p, .which are functions of 
indicated airspeed and pressure altitude, respectively, 
the flight Kach numher can thus he determined explicitly. 

The pressure difference H - p of equation (l) may 
also he expressed in the form 
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H - p = - pv^-^-^j 

v/h er e 

p air density, slugs per cubic foot 

V trt-.e airspeed, miles per hour 



comijr es s ibil ity factor ( 1 + '— + 



q. aynarnic pressure ( — pY 

and 22' lb is the factor for converting miles per hour. to 
feet per second. Inasmuch as the indicated airspeed 
depends on only the value of the pressure difference 
H — p , the relation between and E - p may he 

determined from the a ir spe ed— ind i c at or calibration. The 
usual calibration, in which the airspeed indicator is 
indexed to read true airspeed for standard sca-lovel con- 
ditions, is assumed. Ihe static pressure p in equation 
(l) may be determined from reference 2 for values of the 
pr es sur e alt itude . 



By definition, the triie airspeed is equal 
flight Hach number times the speed of sound. 



t o the 
B e caus e for 



standard conditions the speed of sound is defined for the 
various altitudes, the true airspeed is determined for any 
value of i-Iach number and standard altitude. For conditions 
other than standard, the value of the speed of sound a 
in miles per hour is given by the relation 
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22 V P 



where T is the air temperature In degrees Fahrenheit 
absolute. 



Pigure 1 gives the variation of flight I-iach number 
v/ith indicated airspeed for various values of pressure 
altitude. Lines of true 'irspeeifor standard atmospheric 
conditions have been superimposed on the basic plot of M 



agams 0 



1 • 



Provisions are included for determining^ true 



.ir speed for conditions other than standard. Additional 



copies of figure 1 may be obtained upon request 
national Advisory Committee for Aeronautics. 



from the 
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Tacle I gives the values of the standard atmosphere 
derive-:, from reference 2 for venereal use in altitude 
computat ions . 



An exauple v/ill serve to illustrate the use of the 
air speed— Ilach • number • char t (fig. 1; in the determination 
of flight liach numher and true airspeed. The follov/ing 
conditions vrill he assumed': 



]riii3;ht Mach niimher is deteriuined hv follcv/ing the 
V value ( 360 mph ) verticall:/ upvrard to the hp curve 
for 25,000 feet and reading this point of intersection 
hor i3ont£.ll7 to the Iiach nunhcr f:cale at the left, v/here 
a value of 0.745 is indicated. The determination of 
fli^^ht Hach number hy this method" is independent of air 
t emp er at ur c • 

True airspeed for standard conditions (—30.15^ Y at 
25,000 ft) is obtained b;/ readin,{;; from the intersection 
of the /'ivon with the h^ curve diagonally downv/ard 

to the "^^-td scale v/here a value of 515 miles per hour 
is obtained. (See (a) on fig. 1.) 

True airspeed for the assum.ed values of indicated 
airspeed and pressure altitude, but for a nonstandard 
temperature — of 10^ 5", for example — is obtained by 
reading from the intersection of the ^iven V. with the 
hp curve horizontally to the 0, or sea— level, pressure- 
altitude curve. From this intersection, the reading is 
taken vertically dov/nward to the 10^ P teriperature line 
and then horizontally t.o tho 7 scale where a true— air sp e ed 
valiie of 540 miles per hour is obtained. (See (b) on fig. 



USE 0? AIHSPSED-IIACH IIUKBSR CHAHT 



indicated airspeed, V j_ 
Pressure altitude, h^ , 



miles per hour 
f eet . . • , 



360 
25 , 000 



1-) 



Langley Ilemxorial Aeronautical Laboratory,- 

National Advisory Committee for Aeronautics, 
langley Pield, Ya. , March 2, 1943. 
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TABLE I 

STANDARD ATMOSPHERIC CONDITIONS 



0\ 



Altitude 


Pressure, p 


h 

( ft ) 


(Ib/sq ft) 


(m. Eg) 


-2,000 
-1,000 


2275.9 
2193«9 


52.15 
51.02 


0 

1,000 
2,000 

5,000 

f. ,000 


2116.2 
20I1I.2 
1967. 6 
l896,2 
1827. 6 


29.92 
28.66 
27.82 

26.81 
25. 81+ 


5,000 
6,000 

7,000 

8,000 
9,000 


1760. u 
1696. 0 
1635* 1 
1571.5 
1512.1 


2ij . 89 
25.98 
25.09 
22.22 
21.58 


10,000 
11,000 
12,000 

15,000 

1U,000 


1155.6 
1599.7 
15U5.9 
1295.6 
12I42.7 


20.58 

19.79 
19.05 
lo. 

17.57 


15,000 
16,000 

17,000 

' 18,000 
1 19,000 


1193.9 
ii46. 5 
1100. 5 
1056.7 
1015.5 


16.88 
16.21 
15. 56 

1L9I; 

li+.55 


20,000 
21,000 
22,000 
25,000 
21}., 000 


972.5 
952.2 

855.8 
819.7 


15.75 
15.18 
12.65 
12.10 
11.59 



P/PSL 
(1) 



Temperature 



1.07if5 
1.0567 

1.0000 

.96Wj. 
.5298 
.8962 
.8656 

.8520 
.8015 

.7716 
.7J427 

.7il;7 

. 6876 
.66114. 
.6559 
,6112 

. 5375 

.56!^ 
. 5U18 
.5202 
.1+992 
.U790, 

.U59i; 
.U+05 

.i|222 

.5871+ 



t 

(Op) 



(op abs. ) 



66.15 
62.57 

59.00 
55.^5 

48.50 

1+1.17 
57.60 

5I+.0U 

50.117 
26.90 

25.51+ 
I9.77i 
16.21 
12.61+ 
9.071 

I 

5. 51 1 
-1.65; 



-12.52 

-15.89 

-19. U6 
-23.02 
-26. 59 



525.55 
521.96 

518.1+0 
51I+.83 



22 

22 



22.768 
, i 22.690 
511.27 i 22.611 

507.70 ; 22. 552 
501+.1II 22.1155 



500.57 
[+97.00 



22.575 
22.295 



1+95.1+1+ i 22.211+ 
1+89. §7 



1+86. 50 

1+82. 7U 
^79.17 
U75.61 

i+72.0lj 

1+68. k7 



22.155 
22.052 

21.971 
21.890 

: 21.808 
i 21.726 
' 21.6l4i+ 



I+6I+.9I ''21.562 

1+61. 5li i21.U79 

1+57.78 : 21. 596 

1+5J+.21 121.512 

1+50. 61+ i 21.228 

1+1+7.08 21. 141+ 

I4+I+.5I 21.085 

1+59.94 120.975 

1+56.58 ; 20. 890 

1+52.81 ; 20.804 



TAsL 
(1) 



1.0158 
1.0069 

1.0000 

.9951 
.9862 

• 9794 
.9725 



•9656 

.958 

.951 

.9450 

.9581 



.9312 
.9245 
.9175 
.9106 

.9057 

.8968 

•§§99 
.8851 
.8762 

.8695 



Speed of sound 
a 

(mph) (fps) 




766.2 
763.6 



761*0 
758.U 
755*8 
753.1 
750.5 



7U7.8 

7^5-1 
7142.5 
739.8 
737.1 

731.7 
728.9 
726.2 
723.5 

720.7 

717.9 
715.2 
712. k 
709.6 

706.7 
701^.7 
701.1 

^954 



1123 . 8 
1120.0 

1116.2 

1112-3 

1108.^ 
1101I.6 
1100.7 

1096.8 
1092.^ 
1089.6 
1085.0 
1081.1 

1077. 1 

1073.1 

1069.1 
1065.1 
1061.1 

1057.0 
10S5.0 
1048.9 
101+4.5 
ioi|0.7 

1036.6 
1035.6 
1028.3 
102I4..1 
1019.9 



Density 
P 

(slugs/cu ft) 



0.002520 

.002578 
.002509 
.00221+2 
.002176 
. 002112 

.0020ii9 
.001988 
.001328 
.001869 
.0018X2 

.001756 
.001702 
.OOI6U8 
.001596 
.OOI5U5 

.OOII4.96 

.ooiliJ|8 
.001I4.01 
.001555 
.001511 

.001267 
.001225 
.001185 
.0011U5 
.001105 



Density 
ratio, a, 

(1) 



1.0599 
1.0296 

1.0000 

.9710 

.9428 

.9151 

.8881 
.8616 

.8558 

.8106 

.7859 
.7619 

.7584 
.715I4 
.6951 
.6712 

.6499 

.6291 
.6088 

•5891 
.5698 

.5509 



.552 

.4805 
.4640 



0.9715 
.9855 

1.0000 
1.0148 
1.0299 
1.0^54 
1.0611 

1.0773 
1.0958 
1.1107 
1.1280 
1.14.56 

1.1657 
1.1825 
1.2012 
1.2206 
1.2404 

1.2608 
1.2816 
1.5029 
1.5248 
1.5475 

1.5701 
1.5957 
1.4179 
1.1+426 
1.4?8l 
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25,000 

26,000 
27,000 
28,000 
29,000 


785.1 

718.6 
687-5 
657.5 


11. 10 

10.62 

10. 16 

9.720 
9.295 


.5709 
.5550 

'5597 
.52W 
.5106 


-50.15 
-55.72 
-^7.29 
-Ho. 85 

-14+. U2 


^25.68 
14-22. 11 
U18.5S 


20.718 
20.652 

20.5U5 
20.1;58 
20. 571 


.8280 
.8211 

.8li,5 
.307U 
.8005 


692.5 
689. S 
686.7 
683. 6 
680.9 


1015.7 
1011.5 
1007.2 
1002 . 9 

998.7 


.001065 

.001028 
.000992 
.000957 
.000922 


.1J480 

.1x525 
.i;i7i 

.1l025 

.5S79 


l.li9l;0 
1.5209 

i.sL81i 
1. 5766 
1. 6056 


50,000 
51,000 
52,000 
55,000 
51;, 000 


628.1 
600.0 
575.0 
5i|6.Q 
52I08 


8.880 

8.1.85 
8. 101 
7.752 
7.577 


.2968 
.285U 
.2707 
.2S85 
.2465 


-1;7.99 
-51.55 
-55.12 
-58.68 
-62.25 


i4-ll.ii2 
U07.6S 

Uoli..28 
1I00.72 

597.15 


20.285 
20.195 
20. 107 
20.016 
19.929 


.7799 
.7750 
.7^61 


678.0 
675.0 
672.1 
669.1 
666.1 


99i|.5 
990.0 

985.7 
98i.il 
977.0 


.000889 
.000857 
.000826 
.000795 
.000765 


.57L0 
.5605 
. 5U72 
.55U5 
.521S 


1.6552 
1.6660 

1.^^971 
1.7295 
I.762S 


55 .000 

55,552 
55,000 
57,000 

5b, 000 
59,000 


ii89.8 
J4.II.I 


7.0^6 

6. 925 

6.706 

6.595 
6.096 
5.812 


- 2^S2 

.2511+ 
. 22ij2 

.2157 
.20^7 

.19115 


-6s 82 

-67.00 
-67.00 
-67.00 
-67.00 
-67.00 


J 7 J* 

592. Lo 
592. ko 

592. i;0 

592. Uo 

592.1^0 


19.809 
19.809 
19.809 
19.809 
19.809 


.7569 
• 7569 
.7569 

.75^9 
.7569 


665.1 
662.1 
662.1 
662.1 
662.1 
662.1 


972.6 
971^1 
971.1 
971.1 
971.1 
971.1 


. UUU (yo 
. 000727 
. OOO70I4. 
.000671 

.ooo6iiO 
.000610 


. -509^ 
.5058 
.2962 
. 282I; 
.2692 
.2566 


1. 79oo 

1.6085 
1.857L 
1.8815 
1.9271J 

1.97iil 


1|0,000 

14.1,000 

i|2, 000 
ii.5,000 
iilL,000 


591.9 
573.6 
556.2 
559.6 
525.8 


5.235 
p. 056 
4.802 
U.578 


.1852 
.1765 
.16G5 

.1605 

.1550 


-67.00 
-67.00 
-67.00 
-67.00 
-67.00 


592. i;0 
592.1i.O 

592.1^0 
592. Uo 
592.1^.0 


19.309 
19.809 
19.809 
19.809 
19.809 


.7569 
.7569 
.7569 
.7569 
.7569 


662.1 
662.1 
662.1 
662.1 
662.1 


971.1 
971.1 
971.1 
971.1 
971.1 


.000582 
.0005514. 
.000529 
.0005014. 
.00014.81 


.2l4i;7 
.2552 
.2221; 
.2120 
.2021 


2.0215 
2.0706 
2.1205 

2.1719 


U5,ooo 
lj.6,000 

i|7,000 

US, 000 
U9,ooo 


508.7 
29U.2 
280.5 
267. L 
25I+.9 


U.56U 

l;.l60 
5.966 
5.781 
5.60!^. 


.1J453 
.1591 
.1525 

.1261I 
.1205 


-67.00 
-67.00 
-67.00 
-67.00 
-67.00 


592. Uo 

592. 1;0 
592. 1;0 

592. Uo 

592. 1|0 


I9.SO9 
19.809 
19.809 
19.309 
19.809 


.7569 
.7569 
.7569 
.7569 
.7569 


662.1 
662.1 
662.1 
662.1 
662.1 


971.1 
971.1 
971.1 
971.1 
971.1 


. 00014.59 
.000U57 
.OOOL17 
.000597 
.000579 


.1926 

.ii^57 

.1751 
.1669 

.1591 


2.2786 

2-5^52 
2.5898 

2.^i;78 
2. 5071 


50,000 
51,000 
52,000 
55,000 

5li.,ooo 


2li5.0 

251.7 
220.9 
210.6 
200.8 


5.k56 
5.276 
5.125 
2.976 
2.859 


.Iiii9 
.1095 
. iou4 
.0996 
.091^9 


-67.00 
-67.00 
-67.00 
-67.00 
-67.00 


592. Uo 
592. Uo 
592. Uo 

592. kO 
592.I;.0 


19.809 
19.809 
19.809 
19.809 
19.809 


.7569 
.7569 
.7569 
.7569 
.7569 


662.1 
662.1 
662.1 
662.1 
662.1 


971.1 
971.1 
971.1 
971.1 
971.1 


.000561 
.000514 
.00052b 
.000512 
. 000298 


.1^17 

.IW 

.1500 

.I5lli. 
.1255 


2,S675 

2.6269 
2.6919 

2.75S7 
2.8250 


55,000 
56,000 

57,000 

56,000 
59,000 

60,000 


191.5 
182.5 
171I.0 
165.9 

158.2 

150.8 


2.707 
2.581 
2.L.60 
2.5I46 

2.257 
2.152 


.0905 
.0865 
.0822 

.0781; 

.07U7 
.0715 


-67.00 
-67.00 
-67.00 
-67.00 
-67.00 
-67.00 


592. liO 
592. /iO 
592. UO 
592. L.0 

592.1J.O 
592.1+0 


19.809 
19.809 
19.809 
19.809 
19.309 
19.809 


.7569 
.7569 
.7569 
.7569 
.7569 
.7569 


662.1 
662.1 
662.1 
662.1 
662.1 
662.1 


971 . 1 

971.1 
971.1 
971.1 
971.1 
971.1 


.0002811 
.000271 
.000258 

.0002116 

.0002511 
.0002214. 


. 119S 

.iiko 

.1087 
.1055 

.0987 
.09111 


2. 8928 
2.9617 
5.0551 
5.1085 
5.1650 

5.25914. 



Subscript SL denotes "sea level." ^ 



Ffgure I . 



Pressure altitude, hp, thousands of feet 

60S5S0 4S 40 3S 30 25 20 /S /O S O 




800 



700 



600 



500 



400 



300 



< 
Q) 

.5^ 



200 



lOO 



200 300 400 500 600 

Indicated airspeed, ]/[, mph 

A/rspeed — Mach number chsart. 



700 doo 



